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COATER WITH SONIC OSCILLATOR 
METHOD AND APPARATUS 

This PCT application is a continuation-in-part of U.S. Patent application Serial 
5 No. 10/1 1 5,536, filed April 3, 2002, entitled "Method and Apparatus for Reducing Fluid 
Flow Disruptions, Rajendra Deshpande, inventor, and U.S. provisional application Serial 
No. 60/421,214, filed October 25. 2002, entifled "Coatcr with Sonic Oscillator Method 
and Apparatus", Wayne A. Damrau and Michael Piontek, inventors. This invention 
relates to a method and apparatus for a paper coater, and more particularly for a method 
10 and apparatus for keeping an application nozzle, orifice, slot, or gap of the coater free of 
accumulations, while effecting the removal of entrained air in the applied coating. The 
present invention is also related to methods, apparatuses, systems, and computer program 
products for clearing or reducing fluid flow disruptions in the application of coatings to 
substrates such as paper. 
15 Background of the Invention 

It is known to use a coater to apply a coating onto a web of moving paper, either 
directiy on a papennachine, which would include the coater or coaters on a papermaldng 
machine, or on off machine application on a separate coater machine including the coater 
or coaters. 

2 0 Certain types of coaters have coating apertures, gaps, or orifices through which the 

coating to be applied by the coater is applied to the web. It is desirable, if not essential, 
that the aperture or orifice be kept free of coating build up, which could cause timewise 
and/or spacially inconsistent coating application on the web, such as streaking or other 
localized discrepancies. One type of such coater is known as a jet coater such as described 
25 in U.S. Patent No. 6,319,552, which is hereby incorporated by reference. This type of 
coater has downstream (with respect to coating flow) one or more edges which form the 
orifice or aperture from which a jet of coating is forced in a stream, curtain, or jet onto the 
web. During operation the coating tends to coagulate and/or build up on these edges and 
tends to disrupt the uniform flow of coating to the web and/or results in inconsistent 

3 0 delivery of coating to the web. The build up could also include fiber bundles, dried 

coating and coating lumps. Such dismptions and inconsistencies can, if not attended to 
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by cleaning, cause coating skips and/or streaking and oth» abnonnalities in the paper such 
as low gloss, off-color, printing defects, etc. Streaking can generally be considered the 
absence of coating on parts of the web. These build ups can also deny lubrication to 
portions of the doctor, particularly of a blade type, resulting in a portion of the blade 
5 remaining and running dry and possibly blade damage and subsequent production losses 
and downtime, such as due to web marks, increased clean up time, blade wear and 
downtime for blade changes. 

Heretofore, it has been proposed to apply sonic and/or ultrasonic oscillation to the 
apparatus that controls the clearance of the upstream lip or surface defining this aperture, 
1 0 orifice or gap, this lip or surface being the one directly next to coating likely being applied 
to the web. Such structure and method is shown in U.S. Patent Application Serial No. 
10/115,536, filed on April 3, 2002 in the name of Rajendra Deshpandi, and assigned to 
Stora Enso North America Corp., the assignee of the present application, which 
application is incorporated by reference herein. 
15 While the invention in the above application has been found to work, it has a 

relatively complicated structure requiring many actuators across the web, and more 
importantly is situated on and oscillates or vibrates the lip that is next to the coating that 
likely will be applied to the paper. Any inconsistencies that the vibration or ultrasonics 
may cause could be directly on the very coating that is likely being applied to the paper. 
2 0 The actuators themselves are actually some distance away from the lip and cause the lip 
to vibrate. For example, if these actuators were 8 inches apart, a web 20 feet wide would 
use 30 such actuators. 

It is also known to use a sonic rod, in, for example, a separate wash tank to clean 
parts, such as for example, the grooved doctor rods of a paper coater. Such type cleaning 

2 5 systems have been offered by Voith Sulzer Paper Technologies, Inc., under the name Roll 

Hex Rod Cleaning Device. It should be understood that such use is not on the actual 
coater itself, but is an auxiliary piece of equipment, a cleaning tank, for cleaning 
disassembled coater parts, i.e., the doctor rod. 

Coating a web of paper is generally effected by the application of a liquid coating 

3 0 material onto a moving web. The coating material may be comprised of a solid 

constituent suspended in a liquid carrier. The quality of the coating applied onto the paper 
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web depends upon a number of factors, an important one of which being how the material 
is applied. The application of the coating material should preferably result in a coating 
that is smooth, continuous and uniform across the web. 

Fountain coating of paper is a coating process in which the liquid coating material 
5 is jetted in a free-standing curtain of coating liquid directly onto the moving web with a 
fountain applicator. The fountain applicator comprises an elongate nozzle that includes 
a metering aperture, orifice or slot for communicating the coating fluid onto the web. Hie 
nozzle extends in a cross-machine direction coextensive with the paper web moving 
adjacent to it and supported by a bacMng roll. A downstream doctor blade meters and 

10 smoothes the coating. The amount of coating applied to the web may be controlled by 
controlling the size of the metering orifice or slot and pressure of the coating fluid. 
Desirably, a substantially uniform coating layer is applied across the width of the web. 
Fountain coating applicators are generally known in the art, with examples disclosed in 
U.S. Patent Nos. 5,436,030 to Damrau and commonly owned by the assignee of the 

15 present application, which is hereby incorporated by reference. 

Despite many years of practice, unresolved problems remain associated with paper 
coating. For example, impurities such as fiber bundles, dried coating, coating clumps, 
foreign matter, and the like, occasionally clog the nozzle metering orifice or slot and 
disrupt coating flow. Coating defects in the form of streaks or other inconsistencies can 

2 0 result. Paper production with streaks or other defects, cannot be sold. Further, if a clog 

is not removed quickly, the coater blade may not receive adequate lubrication and become 
damaged. Blade replacement requires costly machine downtime, with resultant production 
losses. 

Summary of the Invention 

25 In the apparatus and method of the present invention oscillation is provided on and 

at the very edge of the downstream lip of the coater, on the coating that is away from the 
coating that is likely to be applied to the web, that is next to the coating jetted from the 
coater but that is the least likely to be applied to the web. In more particular the one 
embodiment of the invention a Sonotrode bar or rod is located at the downstream side 

3 0 (with respect to web travel) of the nozzle of a jet type coating appUcator. This type 

vibrator will also be referred to as a sonic rod. Thus, it is believed that any adverse effect 
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on the coating actually being applied to the web is minimized. Unlike prior art devices, 
this sonic rod or bar is placed and fonns the downstream (with respect to web travel) side 
and edge or exit tip of the nozzle, aperture, orifice or gap. The structure of the present 
invention is very much simpler as only one or two sonic rods may be used. Unlike the 
5 prior art, the sonic rod, preferably, forms one part of the very end of the exit tip of the gap. 
This rod or bar will generate a sonic or an ultrasonic frequency or vibration which will 
cause this tip and the lip it forms and adjacent jetted coating and any accumulation to 
vibrate with amplitude. This action clears and/or prevents any accumulation or build up 
in the adjacent area without adverse effect on the coating. The amplitude is chosen so that 
1 0 the portion of nozzle aperture, orifice or gap being oscillated will accommodate a motion 
of about 10 microns. 

While it is envisioned that placement of the sonic rod to form the tip will be most 
beneficial, of course the sonic rod could be located elsewhere, and will still retain some 
advantages of the present invention. For example, the sonic rod could be placed 
15 somewhat upstream with respect to coater flow (i.e., not exactly at the tip) or on the 
upstream (with respect to web travel) edge of the nozzle. In the latter alternative, the 
advantage of oscillating the coating away from that likely being applied to the web may 
not be obtained. The foregoing upstream and downstream references with respect to web 
travel are with respect to a Voith Jet Flow F or other type applicator. This type of 
2 0 applicator may utilize a curved lip or surface to turn the coating before jetting it onto the 
web. Of course, the curved surface could be open as with a curved sheet, or enclosed as 
with an elongated slot such as shown in Figures 4 and 7 of the 6,319,552 patent or in a 
Valmet type jet coater. 

If the present invention is utUized with a type jet applicator not having a curved 

2 5 surface, then the rod would preferably be located on or at the lip adjacent to the coating 

most likely to be bladed off and not adjacent to the coating most likely to be applied to the 
web. It is believed that the present invention due to its simplicity, results in a cost 
effective installation over the use of many prior art separate actuators to cause sonic 
oscillation. While an actuator type prior art installation may cost $400,000 (U.S.) for a 

3 0 coater, the present invention could be done for an estimated savings of between $350,000 

and $300,000 (U.S.). Further, there is an additional advantage as it is believed that the 
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sonic oscUlator at the tip of the nozzle or orifice will cause air bubbles to collapse and 
result in a more air free coating being delivered to the web or sheet. It is believed that the 
present invention enjoys aU the advantages of the inventions set forth in above-mentioned 
10/115.536 and 60/421.214 appUcations which are herein, as noted above, incorporated 
5 by reference. In addition, the present invention is believed to enjoy operating advantage 
over present coaters without oscillation in the form of less downtime for clean up and 
doctor blade changes due to irregular blade wear. 

The present invention is also directed to apparatus, method, system, and computer 
program product embodiments for reducing and clearing clogs and other flow disruptions 
10 in coating applicators. A method embodiment of the invention generally comprises the 
steps of vibrating at least a portion of the nozzle at an osdUation or fiequency. The 
vibrations have a frequency more or less than about 20 kHz, an intensity that may be at 
least about 3G, and a magnitude of less than about 10% of the minimum gap width of the 
nozzle metering slot. An apparatus embodiment of the invention comprises a fountain 
1 5 coater having a vibrator attached thereto for vibratmg at least a portion of the fountain 
coater at a ftequency of more or less than about 20 kHz if desired at an intensity of at least 
about 3G, and at a magnitude of less than about 10% of the minimum gap width of the 
metering slot. A system embodiment of the invention comprises combining an apparatus 
embodiment with a downstream inspection means for detecting coating defects and 
2 0 conmiunicating a signal to the vibrator after detecting the defect. Preferably ultrasonic, 
sonic, or if desired magnetorestrictive or other type vibrators may be used to produce the 
desired movement, frequency or vibrations. 

Embodiments of the present invention solve otherwise unresolved problems in the 
art. It has been discovered that vibrations of relatively high ftequency sonic or ultrasonic 
2 5 high intensity, and low magnitude are particularly effective to clear clogs and other fluid 
flow disruptions. Taking advantage of the ftequency nozzle application and/or use of the 
preferred vibrators results in favorably high energy vibrations with relatively low energy 
input. 

The above brief description sets forth broadly some of the features and advantages 
30 of the present disclosure so that the detailed description that follows may be better 
understood, and so that the present contributions to the art may be better q)preciated. 



10 



wo 2005/1 20727;^^ „^ 

PCT/irS2003/031949 

6 

Before explaining example anbodimente of the disclosure in detail, it is to be understood 
that the disclosure is not limited in its appUcation to the details of the specific 
embodiments set forth in the foDowing description or illustiHted in the drawings. The 
invention may take the form of modified and further embodiments, as will become 
5 apparent from this disclosure. Also, it is to be understood that the terminology employed 
herein is for description and not limitation. 
Brief Description of the Drawiiifr 

Figure 1 is a schematic elevational view of a coater station illustrating an 
embodiment of the invention. 

Figure 2 is a schematic perspective view of a coater system embodiment of the 
invention. 

Figure 3 is a cross sectional view illustrating the method and apparatus of the 
present invention embodied on a jet coater of the type made by Voith Sulzer GmbH. 

Figure 4 is a flow chart illustrating a computer program embodiment of the 
15 invention. 

Figure 5 is a view similar to Figure 3. but showing the coater exit lips adjacent one 
another and shows the sonic rod enclosed in a removable, replaceable easily serviced 
portion of the coater. 

Figure 6 is a view similar to Figure 5. but shows the sonic rod in a jet coater made 
20 byVahnet. 

Figure 7A is a first view taken on the lines 7-7 of Figure 5, showing a coater with 
two sonic rods having overlapping inner ends. 

Figure 7B is a second view similar to Figure 7A also talcen on the lines 7-7 of 
Figure 5, but showing two sonic rods having abutting inner ends. 
25 Description of the Preferred Embodimftnf 

Before discussing several embodiments of the invention in detail, it will be 
appreciated that the discussion herein and the drawings may be useful in describing any 
of method, apparatus, system, and/or computer program products embodiments of the 
invention. Accordingly, it wiU be understood that discussion herein related to any of the 
3 0 embodiments of the invention may relate to other embodiments. By way of example, it 
WiU be appreciated that a computer program product embodiment may comprise computer 
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readable instructions stored in a computer readable medium that when executed by a 
computer cause the computer to carry out the steps of a method embodiment. Similarly, 
it will be appreciated that a method embodiment of the invention may comprise 
performing steps using a system or an apparatus or station, indicating generally at 2 
comprising a backing roll 6 for supporting a moving paper web 8, an applicator 4. and a 
doctor 9. Those knowledgeable in the art will understand that the coater station 2 may be 
a component of a papermachine (i.e., an on-machine coater) or may be a component of an 
off-machine coater. The coater station 2 extends in a cross-machine direcfly substantially 
coextensive with the width of the web 8. 

The applicator 4 comprises a nozzle 18 having a front wall 10 and back wall 12. 
The walls define a metering space 14 therebetween. The space 14 has at its exit a 
minimum gap widfli 16 that is the closest separation of the front and back walls 14 and 
16. A chamber 17 communicates witii the space 14. Ih operation a coating composition 
is deUvered under pressiure from the chamber 17 through tiie nozzle 18, and applied onto 
moving paper web 8. The nozzle 18 functions to meter tiie flow of coating material and 
impinge a uniform ribbon or sheet of coating onto tiie web, forming an excess coating 
layer 20 on die moving web. The coating layer is doctored to a desired coat weight by 
doctor 9. 

Those skilled in tiie art will understand tfiat tiie illustration of Fig. 1 is a general 
schematic only tiiat is not drawn to scale, and tiiat a coating station and an applicator in 
practice may comprise additional components. By way of example, tiie nozzle 18 may 
further comprise a curved lip, as is explained in U.S. Patent No. 5,436,030 to Damrau 
("the Damrau '030 patent"), herein incorporated by reference. Additional infonnation 
regarding tiie construction and operation of coating stations and applicators appears in tiie 
said Damrau '030 patent 

Jn operation, coating composition flow disruptions in one or more portions of tiie 
applicator 4 may occur. For example, particulate material may occasionally become 
lodged in tiie nozzle 18, causing disruptions in the flow of coating composition. Lodged 
particulate material may comprise fiber bundles, clumps of dried coating composition, 
foreign materials, and tiie like. Disruptions in tiie flow and application of coating material 
onto the web 8 cause sfa-eaks and other defects in tiie coating layer. 
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It has been discovered that coating flow disruptions in the applicator nozzle 18 are 
substantially avoided or cleared by vibrating at least a portion and preferably the exit tip 
of the nozzle 18 with vibrations of a fiequency, intensity, and magnitude sufficient to free 
the lodged matter from the nozzle 18. It wiU be appreciated that as used herein, the term 
5 "mtensity" when used in relation to a vibration is intended to broadly refer to energy 
associated with a vibration, which is proportional to the acceleration of a part or plate. 
Intensity may thus be measured in terms of acceleration of a vibrating part or member, 
with a useful unit of measurement being the gravitational puU on earth ("G") of 9.8m/s2 
The term "magnitude" as used herein in reference to vibration is intended to broadly 
0 refer to a measure of distance a vibratmg member travels during vibration, with units of 
measure of length useful for reference. 

One type of vibrator may be made of a magnetorestiictive material. Generally, 
magnetonestricive materials are characterized in that a strain may be caused in them 
through application of a magnetic field. This characterization may be manipulated to 
5 cause vibrations of a desired fiequency through cycKcal application of a magnetic current. 
Additional details regarding technology and operation of magnetorestrictive devices are 
available in the Uterature, for example, "Magnetorestrictive Materials and Ultrasonics," 
by T. Toby Hansen, Chemtech, American Chemical Society (August 1996). 

Preferably, (he vibrator 24 is part of the nozzle 1 8 of the applicator where clogging 
is likely to occur preferably at tip or exit. The vibrator 24 may be attached to an internal 
portion of the applicator 4. 

As illustrated for example in the perspective view of Kgure 2, in the preferred 
apparatus embodiment of the invention, one, or more, vibrators and its driver 24 are 
connected to the applicator nozzle. It should be understood that one or two vibrators and 
their drivers could be used, one at each side of the web, or just a single vibrator extending 
across the web, with one driver at one of the ends of the web. The spacing of the 
vibrators, in order to achieve satisfactory vibration, has been discovered to depend on the 
geometry of the applicator and nozzle, including the location of supports or anchor points 
along the applicator. la the preferred embodiments of the invention the one or more 
vibrators generate vibrations at a desired frequency. 

It wiD be appreciated that the present invention is not limited to one vibration 
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frequency. Indeed, one may generate vibrations at virtually any frequency found to be 
practical for a particular application. Preferably, however, vibration frequency will be 
sonic or ultrasonic. Frequencies greater than 20 kHz are generally referred to as 
ultrasonic. 

5 It is desirable that the vibrations of the present invention generate relatively high 

intensity. Preferably, vibration intensity may be at least about 3 G. It has been found that 
this level of intensity may be successful in removing clogs and other nozzle flow 
disruptions. Somewhat lower intensity levels (e.g., 1-2 G) are also at least partly 
successful. Intensity levels greater than 4 G are most preferred as these have been found 

10 to have a very high success rate. 

In addition to frequency and intensity, it has been discovered ttiat the magnitude 
of the vibrations should be minimized, but adequate to do the job. In addition, high 
vibration may tend to "pinch" the applicator slot closed which could cause flow 
disruptions, and undesirable coating layer thickness variations. It is believed that a 

1 5 magnitude of vibration that is less than about 10% of the minirnnm gap width will avoid 
these undesirable results. More preferably, the vibration magnitude should be kept below 
about 5% of the minimum gap width. It is also believed that magnitudes below about 3% 
of the minimum gap width will be useful. It is also desirable that some miniTnuTn 
magnitude is achieved, with a useful lower bound believed to be about or less than 1% of 

20 the minimum gap width. By way of particular example, the minimum gap width of the 
metering slot for many paper coaters will be on the order of about 0.8 - 1 mm. it has been 
discovered in embodiments of the present invention, that good results were achieved with 
a vibration magnitude of about 24 micron for a minimum nozzle slot of 0.8 - 1.0 mm (i.e., 
a ration of about 3% to about 5%). Even low magnitude will work, depending on the 

2 5 nature on the vibrator. 

When considering vibration frequency, intensity, and magnitude in combination, 
embodiments of the invention are believed to offer advantageous results when frequency 
is about 20 kHz, more or less, intensity is at least about 3 G, and magnitude is maintained 
at a ratio of less than about 10% of the minimum nozzle slot gap width. Vibrations having 

3 0 these qualities are useful for clearing particulate or other matter that may otherwise attach 

to the surface of the nozzle. The vibrations are believed to separate the clog from the 
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nozzle wall, which is thereby fteed and drawn away by the flow of coating fluid through 
the nozzle. It is also believed that the vibration fiequency. intensity, and magnitude ranges 
of invention embodiments do not undesirably effect the coating composition. While the 
above-discussed limits on frequency, intensity, and magnitude are believed to be useful 
5 for practice of the preferred embodiments of the invention, it will be understood that 
practice of the present invention is not necessarily limited to these parameters. That is, 
other embodiments may be useful using vibrations wifli one or more of intensity, 
frequency, and/or magnitude values that fall outside of these limits. 

Embodiments of the present invention may comprise continuous operation of the 
one or more vibrators 24. However, the present sonic rod disclosed herein may not be 
capable of continuous operation, but a specially developed sonic rod might. This 
continuous operation may be advantageous for preventing coating defects from occurring. 
However, continuous operation may also entail, however, relatively high-energy costs and 
unnecessary fatigue on the coater equipment. As an alternative to continuous operation, 
tiien, the present invention furtfier contemplates additional control schemes for selective 
or otiierwise non-continuous vibrator operation. These invention embodiments may be 
desired, for instance, to achieve energy, equipment wear, and otiier savings. 

Additional vibrator control schemes for practice with embodiments of the 
invention comprise manual operation whereby the vibrators are manually turned on and 
off to resolve disruptions, and intermittent operation whereby the vibrator are cyclically 
timed or turned on for first period of time and of for a second period of time. When a 
pluraUty of vibrators are present and attached along the cross-machine dimension of an 
applicator, additional contix)! schemes may comprise sequential operation of the vibrators 
in a reoccurring pattern. By way of example, a contiroller such as a wave generator may 
be used to generate a recurring sin wave or a square wave pattern along the cross-machine 
width of tfie applicator by sequentiaUy operating the vibrators. 

For example, if two sonic rod vibrators are used tiiey may be operated 
independentiy or sequentially. 

Still other conti-ol schemes for operation of tiie vibrators comprise a feedback type 
of conti^l, such as that shown in Figure 2. For simpUcity, the components that are similar 
to tfiose described in Figure 1 are given a reference numeral 200 numbers higher, i.e.. 
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blade 9 of Hgute 1 is blade 209 of Kgure 2. A system embodiment of the invention 200 
may further comprise an electronic web inspection system 230 downstream of the coater 
station 202. Preferably, the inspection system 230 is placed downstream of the doctor 
209. The inspection system 230 may comprise a pluiaUty of individual sensors mounted, 
for instance, above the moving web on a support bar or the like. The sensors may 
comprise any suitable means for inspecting the web. with examples including but not 
limited to. visual inspection means such as electric eyes, infrared detection devices, or 
Other forms of radiation. 

An example of commerciaUy avaOable web inspection systems beUeved to be 
useful for practice of an invention embodiment comprises the ULMA Nti Web Inspection 
System available from ABB Insfruments. Ltd., SL Neots. Cambs, England. Inspection 
means such as the ULMA System utilize optical sensor lite charged coupled device 
("CCD") cameras to detect and identify defects in the paper web such as holes and coating 
streaks. A Ught source iUuminates the web and the CCD cameras detect variation in 
intensity. Image processing computers then analyze the variations. The system is capable 
of providing information regarding the exact type and location of the defect. 

The inspection system 230 inspects the web downstream of the coater station 204 
to detect coating defects or other irregularities. By way of example, the inspection system 
230 may be used to detect streaking, surface irregularities, or other indications that the 
flow of coating fluid through the applicator 204 is being clogged or otherwise disrupted. 
The inspection system may comprise a single, reciprocating sensor. Alternatively the 
inspection system may comprise a plurahty of sensors spaced along the width of the web 
208 such that a given sensor corresponds to a particular vibrator or vibrators. Each of the 
sensors may then be used to monitor a particular portion of the web along its cross- 
machine width. Each of the particular portions of the web corresponds to one or more of 
the vibrators. When a defect is detected in a particular cross-machine location of the web. 
the electronic inspection means 230 may communicate a signal instructing that one or 
more of the sonic rods and driver 224 remove the defect. As shown in Figure 2. a system 
embodiment of the invention may further comprise a controller 236 and communications 
lines 234, 235 for communicating with and controlling the web inspection system 230 
and/or the one or more vibrators 224. 
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In a feedback based control scheme, an example of which is disclosed in Figure 
2. operation of the one or more vibrators 224 may continue for a pre-determined amount 
of time. For example, time periods of about 5 seconds have been found to be useful 
Further, it is believed that of time periods of no more than 20 or 30 seconds should be 
> sufficientforachievinggoodresultswithpracticeoftheinvention. Other contiol schemes 
modifications may be used, for example, a feedback control scheme could include 
programming the web inspect system to communicate a second signal for tenninating 
vibration upon concluding that a coating defect has been cleared or otherwise resolved. 

The controller 236 may comprise any of a number of processor-based tools for 
control and communication with tiie web inspection system 230 and the one or more 
vibrators 224. Examples include, but are not limited to. computers such as a personal 
computer, a laptop, handheld computer, a PLC (programmable logic controUer). or a 
mainframe or server computer communicating with over a network, as well as dedicated 
processor based devices, program insdructions rumiing on a computer device, circuitiy 
such as a printed circuit card or chipset, and the like. Ftoher. it wiD be appreciated that 
the controller 236 is not limited to being a "stand alone" device as illusttated. but may for 
instance be contained. physicaUy or functionally, within one or more of the web inspection 
systems 230. coater controller (not illustrated), or the like. AdditionaUy. a single 
contioUer 236 may be used to control the one or more vibrators and web inspection 
systems on a two or more coater stations. The controller preferably communicates witii 
the inspection system 230 and the one or more vibrators 224 via the communications lines 
234, 235 or which may comprise a wireless comiection such as an RF connection or the 
like, a LAN connection such as an ethemet. a WAN connection, a POTS connection, or 
any other suitable communication line. 

It will be appreciated that variations are possible within the scope of the invention 
using a web inspection system as illustrated by Figure 2. For example, a single electiic 
eye may be used that has a field of vision tiraversency or spanning the entire width of the 
web and that could provide a reference for width location of coating defects. 
Alternatively, a single sensor could be used that was operated to relatively quickly scan 
the width of the web through movement across the web on a track, through pivotal 
rotation, or die like. The contiroUer could be used to control and monitor fliis movement 
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so that when a defect was discovered a conesponding vibrator could be activated. 

As an additional example, a control logic embodiment of the invention may 
comprise activating more than a single vibrator in response to detection of a defect. For 
example two vibrators could be activated conesponding to a particular web region of 
> interest as weU as the neighboring zones. Or. if the defect was detected near one edge of 
a zone, one or two vibrators could be turned on corresponding to the web region of interest 
and the region nearest the edge where the defect is located. Further, it should be 
understood that the inspection regions and the vibrator regions need not correspond on a 
1:1 basis. For example, one vibrator region may cover many inspection regions. 
Accordingly, as used herein the term "corresponding" when used in reference to relations 
between the web inspection and vibrators will be broadly interpreted to include any 
relationship whereby detection of a defect at a particular location on the web may 
"correspond" to a vibrator location. 

Other control scheme embodiments may be provided to conserve energy and costs. 
For example, an additional variation on continuous operation of flie vibrators may be 
timed operation wherein only one of tiie two vibrators are operating at a given time. By 
way of example, tiie vibrators may be timied on sequentially along the cross-machine 
width of die applicator 204. with one to two of die vibrators activated at any given time. 
Timed, sequential operations schemes may be used to generate square waves or sin. or 
2 0 otfier form, waves in exit lip of tiie appHcator nozzle. 

It wiU also be appreciated tiiat the invention is not limited to practice with a single 
vibration firequency. intensity, and magnitude values. For example, vibrations could be 
initiated as desired at a relatively low magnitude, frequency, and intensity and dien 
gradually increased until a defect is resolved. 

It will be appreciated tiiat the present invention may be useful in the form of a 
computer program product. Accordingly, it will be understood fliat the present invention 
may take tiie form of a computer program product for controlling a nozzle vibration 
system, the program product comprising computer readable insti-uctions stored in a 
computer readable medium tiiat when executed cause the computer to carry out steps of 
a metiiod embodiment of flie invention. It will be appreciated that the computer readable 
medium for storing tiie instructions may comprise any of a number of suitable mediums. 
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with exannples including, but not liuuted to. optical, noagnetic. circuity. „^cro-circuitry 
and the lilce. Further, the tenn "computer" as used herein is intended to be broadly' 
interpreted to describe any processor-based apparatus capable of executing program 
instmctions. It wiU additionally be appreciated that computer program pK.duct 
5 embodiments of the invention will be useful for causing a computer to carry out method 
steps as have been discussed herein and for controlling systems as have been discussed 
herein. 

Figure 4 is a flowchart iUustrating the logic of an example computer program 
product embodiment 200 or 300 of the invention. The program p^duct embodiment 200 
) or 300 causes a compute to inspect a web for coating defects using a web inspection 
system (block 302). If a defect is detected (block 304), the computer causes a signal to 
be communicated that indicates at least the cross-machine location of the coating defect 
(block 306). 

After communication of this signal, the computer actuates at least one vibrator to 
vibrate a portion of the applicator nozzle that corresponds to the cross-machine location 
of the defect (block 308). The vibrator p^ferably generates vibrations at a desired 
fiequency and a desired magnitude less than about 10% of the nozzle minimum width 
m this program product embodiment 300. a feedback control scheme is used to terminate 
vibrations. TT,at is. the computer causes the web inspection system to determine whether 
the coatmg defect has been resolved (block 310). If not, vibrations are continued (block 
308). Ifthedefecthasbeenresolved.vibrationsamtem«nated(bIock312). Othercontrol 
schemes for controlling vibiator operation could of course be practiced with other 

computer program product embodunents of the invention. For example, upon detection 
of a defect, the program product may cause the vibrator to operate for a predetermined 
amount of time, with an example period comprising about 5 seconds or less, say 2 
seconds. 

Referring to Figure 3. a jet type coater or applicator similar to that known as a Jet 
How F manufactured by Voith Sulzer GmbH is generally shown at 450. This coater has 
been modified to illustrate the incorporation use of the sonic rod type vibrator and may be 
used with the systems 200 shown in Figure 2 and/or 300 shown in Hgure 3 of the present 
invention. 



WO 2005/12072^^ 

PCT/US2003/031949 

15 

The applicator, itself, (without the present invention) is also sinnlar to that 
descnbed m Figure 2 of the U.S. Patent 6,319,552. 

More particularly, the fountain applicator of Figure 3 is indicated genei^ly at 450 

andappliesontoasurfaceofamovingpaperweb452.whichiscaxried past the appKcator 

> °-''^^J^°g-"454thatrotatesinadirectio„asshownbyananow456.anexcesslayer 
of coating liquid that is docto^d to a desired coat weight by downstream doctor means 
such as a blade (not shown in the px^sent application but shown in Figure 1 hereof and 

U.S.Patent 6,319,552). The fountain applicator is part ofapapennachine having on line 
coating capability or a separate coating machine, and extends in the cross-machine 
d^ection, paraUel to the backing roU 454 and tr^versely of. across and spaced from the 
backing roll supported web. The applicator has front and rear waUs 460 and 462 and 

attached to the upper end of the rear waUisaplate 464. The front and rearwalls and the 
plate form a coating distribution chamber 466 therewithin. into which liquid coating 
material is delivered under pressure via a coating Kquid distribution pipe that extends 
longitudinally through the chamber and has a plurality of coating outlet openings spaced 
longitudinally therealong. The front and rear walls may be hinged at their lower ends for 
movement apart to provide access to the chamber 466 for cleaning. 

A metering slot 470 is defined between the front wall 460 and the plate 464 The 
metering slot extends upwardly from the chamber 466 and transversely of and across the 
backing roll supported web 452. and from bottom to top is inclined toward the front of the 
applicator to enhance a migration of air entrained in the coating liquid upwardly toward 
the side of the metering slot defined by the plate. A replaceable elongate deflector tip 472 
IS at the upper end of the front wall and an elongate outlet aperture, orifice, gap or nozzle 
474 from the metering slot is at the top of the plate 464 between the plate and the deflector 
tip. On its side toward the outlet nozzle, the deflector tip has an elongate concave curved 
surface 478 that is positioned proximate to, tr^sversely of and spaced from the web. 
Coating Uquid exiting the elongate outlet nozzle flows in a sheet along and then off of the 
curved surface in a ftee standing sheet or jet curtain of coating liquid that is directed 
agamst and across the web surface at an appropriate included acute angle. If desired, the 
downstream end of the coating liquid flow surface of the deflector tip could terminate in 
an elongate flat surface (not shown) of relatively limited length beyond the curved surface 
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478, along which the coating liquid sheet would flow after leaving the curved surface and 
before being projected toward the web m a free standing sheet or jet curtain of coating 
liquid. Adjustable deckle devices (not shown) may be at opposite ends of the elongate 
outlet nozzle to control its transverse extent and, therefore, the transverse extent of the 
5 sheet of coating liquid, thereby to control the width of the coating layer applied onto the 
web. 

In operation of the fountain applicator 450 and with reference to Figure 3, coating 
liquid delivered to the applicator by the coating supply system is introduced into the 
distribution pipe and flows through the pipe openings into the chamber 466. 

1 0 More specifically, coating liquid delivered into the chamber 466 flows upwardly 

through the metering slot 470 and exists the elongate outlet nozzle 474 in an elongate 
sheet of coating liquid that extends transversely of the paper web 452. The sheet of 
coating liquid flows along the deflector tip to the concave curved surface 478, where the 
sheet is forcefully flowed against the curved surface as its direction of flow changes to 

15 conform to the curved surface. As set forth in the 6,3 19,552 patent, causing the coating 
liquid 512 sheet to follow the curved surface subjects it to a centrifugal force that causes 
the dense coating liquid to move toward one side 516 of the sheet that is toward the 
curved surface and the much less dense air entrained in the coating liquid to move away 
from the one side and toward an opposite side 518 of the sheet that is away from the 

20 curved surface, so that the one side of the coating liquid sheet is relatively free of 
entrained air. After flowing along the curved surface, the sheet of coating liquid flows off 
of the deflector tip in a free standing elongate sheet or jet curtain of coating liquid directed 
toward, transversely across and against the paper web surface. In consequence, the web 
surface is contacted primarily with the one side 516 of the coating liquid sheet that is 

2 5 relatively free of entrained air, while the opposite side 518 of the sheet of coating liquid, 

toward which the entrained air has moved, is out of substantial contact with the web, so 
that there is a decrease in the occurrence of skip coating with the web surface. The layer 
of coating liquid applied onto the web by the applicator is in excess and is doctored to a 
desired final coat weight by the downstream doctor means. It is one purpose of the 

3 0 present invention to minimize any disturbance of this air bubblefree coating that is being 

applied to the web, while eliminating blockage or clotting of the delivery gap or orifice. 
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By way of example, if the outlet aperture, orifice, gap or nozzle 474 has a width 
of 0.048" and a length of 17", and if 5,000 cps viscosity coating liquid at 20 rpm 
Brookfield is flowed through the nozzle at a rate of 25 gallons per minute, then the cross- 
sectional area A of the nozzle is 0.816 square inch, the volume flow rate Q of coating 
5 through the nozzle is 5.775 cubic inches per minute and the average velocity V of coating 
liquid through the nozzle is Q/A, i.e., 590 feet per minute. If it is assumed that there is a 
35% reduction in effective nozzle gap due to the coating having zero velocity at the nozzle 
walls, then the fastest average velocity of coatuig liquid through the nozzle is 590/(1.00- 
.35) i.e., 908 feet per minute. 

10 With an outlet nozzle width of 0.043 inch, coating liquid flow rates from the 

nozzle can range from about 1.25 gallons per inch nozzle length in the direction transverse 
of the web to about 3.10 gallons per inch length, so for a nozzle having a length of 122", 
total flow rates of coating liquid through the outlet nozzle would be on the order of 170- 
380 gallons per minute. At such flow rates, the velocity of coating liquid flowing out of 

15 the nozzle would be in the range of about 560-1,375 feet per minute. Coating liquid is 
therefore emitted from the outlet nozzle and impinged against the web surface at relatively 
high velocities. 

While in the fountain applicator 450 shown in Figure 3, the coating liquid curved 
flow surfaces 478 of the deflector tip 472 are exposed to the outside of the applicator and 

2 0 located downstream (with respect to coating flow) from the metering slot 470 and the 
elongate outlet nozzle 474, the liquid flow curved surfaces could be part of and located 
within the fluid flow path defined by the metering slot 470 and/or within the coater 
structure itself, like that shown in Figure 4 and 7 of the said U.S. Patent No. 6,319,552. 
The aperture, orifice gap or nozzle outlet of the jet coater 450 as noted forms an 

25 upstream (with respect to web travel) wall 472 having an upstream surface 473 and a 
downstream (with respect to web travel) wall 464 having a downstream tip 475. As noted 
in the apparatus and method in this embodiment of the present invention, one side 
(downstream with respect to web travel) of the very exit tip is formed by the vibrator or 
sonic rod 520. As is shown the sonic rod has been machined or otherwise formed to have 

30 a lower flat wall 522, an upstream wall 526, a downstream wall 528, an upstream tapered 
or inclined wall 530, a downstream taper or inclined wall 532, with the tip 575 being 
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fonned by the upstream and downstream taper or inclined walls 530 and 532. Of course 
the sonic rod could be machined into some other suitable shape fonning at least one side 
of the exit tip. 

To accommodate movement of the tip with a minimum or no disturbance of the 
remainder of the coater, the sonic rod 520 and its tip 475 are encapsulated or mounted 
elastically 538 to the coater in a laiger but complimentary shaped cavity 540 in the waU 
464. For example, the tip is encapsulated in an elastomeric rubber or plastic which would 
permit the amplitude or movement of around ten microns, but yet be compatible with 
coating and its constituents. For example, material such as siUcone rubber, polyurethane, 
or the like, might be used. 

Preferably the tip and its encapsulation arc readily removable and replaceable in 
the coater. should the sonic rod malfunction or the tip or elastomeric elastic wear. 

It is beUeved tiie operation of the present invention is apparent from the foregoing 
drawing and accompanying disclosure. Briefly when desired, or even continuously, the 
sonic rod is actuated and vibrated or oscillated, and this oscillation causes tiie tip 475 to 
oscillate. The oscillation of the tip 475 prevents and/or breaks up any accumulation of 
coagulated coating or oflier materials on tfie tip. It is believed that while only the 
upstream Kp 475 is oscillated, this oscillation will keep botii the upstream lip and opposite 
downstream surface 473 and the entire aperture, orifice or nozzle gap of the coater clear. 
It is also believed that tiiis vibration or osciDation will help free up small air bubbles in 
the coating and/or collapse the same to deliver a more ah: free coating to the web. 

The sonic rod could be of the type made by Martin Walter company of Europe and 
would comprise an ultiasonic driver or generator with automatic frequency control and 
amplitude adjustment. PZT High Output Converters are used in cooperation witii the 
sonic rod to provide ultrasonic energy to the nozzle tip or surface 75. These drivers or 
generators can be mounted outside the machine and/or web, as shown in Figure 1 (24), 
Figure 2 (324) and Rgure 7A or 7B (723 A, B, C or D). Other forms of sonic or ultrasonic 
generators, such magnetorestiictive devices, could be used and are within the scope of 
invention and the claims. 

It is thought that frequencies in the range of 20,000 Hz would be suitable with 
amplitude in the range of 10 microns. Nodes located where there is no amplitude at a 
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specific fiequency is of concern as the web in a cross-machine direction could be up to 30 
or more feet. Tn such situations, the finequency of the sonic or ultrasonic rod or vibrator 
might be varied to move the nodes or spacing therebetween along the axis of the sonic rod 
and across the width of the web to fuUy cover the entire web widtfi. Such node movement 
5 may make them less noticeable by spreading or compressing the space between the nodes. 
Altematively more than one sonic rod could be placed in the encapsulation and operated 
at different ftequencies to have the two vibrators at each location and overlap and the 
amplitude or one rod mask the nodes of the other rod. 

The invention is beUeved. can be installed economically, and particularly at much 

0 lower cost than a multiple actuator system. Further as noted above, the invention will 
deliver a more air free coating jet, or curtain to the paper web. due to the oscillations 
collapsing air bubbles at the nozzle tip. Yet further, it is believed the invention will result 
in greater production due to less downtime due to less need for clean up and less blade 
wear and blade changes. Additionally, it is believed the present invention could be 

1 rettofitted into already existing coaters as well as being buUt into new coaters. 

The present invention could also be adapted to the type coater shown in Figures 
4 and 7 of U.S. Patent No. 65.319.552. 

Referring to Figure 5, another embodiment of applicator 600 is partially shown. 
This application like that shown in Figure 3, could be incorporated into the systems 
shown and discussed with respect to Figures 2 and 4. This coater has similar parts 
numbered similar to those shown in Hgure 3, except they are in 200 numbers higher, i.e., 
sonic rod 520 of Figure 3 is 720 in Figure 4. The principal changes in Figure 5 is that the 
two Ups 672 are closely adjacent each other. The fountain applicator of Figure 5 is 
indicated generally at 650 and applies onto a surface of a moving paper web 652. which 
is carried past the applicator on a backing roll 654 that rotates in a direction shown by an 
arrow 656. An excess layer of coating liquid is apphed and is doctored to a desired coat 
weigh by downstteam doctor means such as a blade (not shown). The applicator has front 
and rear walls 660 and 662, and attached to the upper end of the rear wall is a sonic rod 
carrying replaceable member 665. The front and rear waUs and the member form a 
coating distribution chamber 666 tiierewithin, into which Uquid coating material is 
delivered under pressure via a coating liquid. 



vVO 2005/1 20727*^, 

PCT/IFS2003/031949 



10 



15 



25 



20 



A metering slot 670 is defined between the ftont waU 660 and the tip 775. A 
replaceable elongate deflector tip 772 is at the upper end of the ftont wall 660 and an 
elongate outlet aperture, orifice, gap or nozzle 674 forming the metering slot is at the tip 
of the member 665. On its side toward the ouflet nozzle, the deflector tip has an elongate 
concave curved surface 678 that is positioned proximate to, transversely of, and spaced 
fiDm the web. Coating liquid exiting the elongate outlet nozzle flows in a sheet along and 
then ofl'of the curved surface in a free standing sheet or jet curtain of coating liquid that 
is directed against and across the web surface at an appropriate included acute angle. 

In operation of the fountain coater 650 and with reference to Figure 5, coating 
Uquid delivered to the applicator by the coating supply system is introduced into thi 
distribution pipe and flows through pipe opemngs into the chamber 666. The flow in 
coater 650 is generaUy similar to that of coater 450, except at the tips 675. It is believed 
that the construction of coater 650 insures that aU the coating is likely to be appUed to the 
web, with httle or no backflow, particularly at slower speeds such as at start up to running 
speed, say tcom slow speeds to 1000 plus feet per minute, resulting in less paper 
production losses. like coater 450, coater 650 causes the coating liquid sheet to be 
forcefully flowed against the curved surface as its direction of flow changes to conform 
to the curved surface. As set forth in the 6.319,552 patent, causing the coating liquid sheet 
to follow the curved surface subjects it to a centrifugal force that causes the dense coatmg 
2 0 Uquid to move toward one side 516 of the sheet that is toward the cun^ed surface and the 
much less dense air entrained in the coating Uquid to move away from the one side and 
toward an opposite side 518 of the sheet that is away from the curved surface, so that the 
one side of the coating Uquid sheet is relatively firee of enti ained air. After flowing along 
the curved surface, the sheet of coating liquid flows ofl' in a free standing elongate sheet 
or jet curtain of coating liquid directed toward, transversely across and against the paper 
web surface. Li consequence, the web surface is contacted primarily with the one side of 
the coating liquid sheet that is relatively free of entrained air, while the opposite side of 
the sheet of coating Uquid, toward which the entramed air has moved, is out of substantial 
contact with the web, so that there is a decrease in the occurrence of skip coating with the 
30 web surface. The layer of coating Uquid appUed onto the web by the applicator is in 
excess and is doctored to a desired final coat weight by the downstream doctor means. 
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Also, the present invention minimizes any disturbance of this air bubble fiee coating that 
is being applied to the web, while eliminating blockage or clotting of the delivery gap or 
orifice and minimizing entrained air. The dimensions and flow rates for coating 650 are 
similar to those mentioned above for coater 450. 
5 The aperture, orifice gap or nozzle outlet of the jet coater 650 as noted forms an 

upstream (with respect to web travel) wall 672 having an upstream surface 673 and a 
downstream (with respect to web travel) waU 664 having a downstream tip 675. As noted 
in the apparatus and method in this embodiment of the present invention, one side 
(downstream with respect to web travel) of the very exit tip is formed by the vibrator or 
sonic rod 720. As is shown, the sonic rod has been machined or otherwise formed to have 
a lower flat wall 722. an upstream wall 726. a downstream wall 728. an upstream tapered 
or inclined waU 730, a downstream taper or inclined waD 732. with the tip 775 being 
formed by the upstream and downstream taper or inclined waUs 730 and 732. Of course, 
the sonic rod could be machined into some other suitable shape forming at least one side 
15 of the exit tip. 

To accommodate movement of the tip with a minimum or no disturbance of the 
remainder of the coater, the sonic rod 720 and its tip 775 are encapsulated or mounted 
elastically 738 to the coater in a larger but complimentary shaped cavity 740 in the wall 
764. For example, the tip is encapsulated in an elastomeric rubber or plastic which would 
permit the amplitude or movement of around ten microns, but yet be compatible with the 
coatings and used their constituents. For example, material such as siUcone rubber, 
polyurethane, or the like, might be used for the encapsulating. 

Preferably the tip and its encapsulation and the complimentary surrounding 
supporting member 665 are readily removable and replaceable in the coater as a unit, 
should the sonic rod malfunction or the tip or elastomeric elastic wear. The member 665 
provides additional stmctural support against bending for the sonic rod. The member 665 
has a tee shaped element at its bottom which can receive mounting holts or other fastening 
means 667 to hold the member 665 in place on the member 662-662". Such support 
provided by member 665 may be needed on very wide webs and coaters, say over 20 feet 
30 to up to and beyond 30 feet, which would use long sonic rods of 10 or 15 feet or 20 or 30 
feet in length. 
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Referring to Figure 6. another embodiment of the invention is shown, this time on 
a coater lilce that made by Vahnet. Again, the numerals to the extent they describe similar 
parts are the same as on Figure 3 but 400 numbers higher, i.e.. Figure 3 ftont waU 460. 
becomes front wall 860 in Figure 4. 
5 TJie operation, sizing, coating flow, advantages, clearing of obstructions and 

reduction of air bubbles and entrained air is similar for that for coater 450 of Figure4 and 
coater 650 of Figure 6. and need not be further described in detail to a person skiUed in 
the art for such will become apparent form the foregoing. 

like coaters of Figures 3 and 4, fliat of Figure 6 can also be used witi, the 
I computer or detection systems of Figures 2 and 4. 

While a single vibrator or sonic rod can be used such as shown in Figure 1. with 
the rod extending across the entire machme width with its driver at one of the sides, more 
than one can alternatively be used as previously mentioned. Referring to Figures 7A and 
7B. instead of having a single vibrator or sonic it>d. one or more (a plurality) of sonic rods 
or vibrators could be used. The reference nmneials used in Figures 7A and 7B are the 
same as those for Figure 5. For example, two sonic rods (720A and B or 720C or D) 
could be used, one extending inward from each of the two sides of the machine (664. 
665). The drivers (723A. 723B. 723C. 723D) for each rod could be located at the two 
sides of the web and machine. Preferably, the rods 720A and 720B or 720C and 720D 
would be equal length so as to be interchangeable with its corresponding rod 720B and 
720A or 720D and 720C. and in such case would meet at or near the center line of the 
machine. Of course, unequal length rods could be used and then the two would meet their 
inner ends off center. To prevent marking, when two rods are used, the joint or juncture 
of the two rods should be '«fine" and close. If need be, this joint could be potted and 
machined and/or polished so as to be seamless and leave no mark on the web or its 
coating. 

AdditionaUy to assure removal of any defect near the joint or juncture of the two 
rods, they could be tapered and/or overlap (see 725A and 725B) as shown in Figure 7A 
or be closely machined and abutted (see 725C and 725D) as shown in Figure 7B. 

It is believed that in either the overlap constiraction of Figure 7A or the abutting 
relation of 7B should permit excitation or vibration of either sonic rod and/or both sonic 
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rods to remove defects at the joint or centered between the rods. Another disadvantage 
of the spHt rod or double rod construction is that only the sonic rod closest to the defect 
on the web need be vibrated or excited, thus extending the operating life of the sonic rod 
and reducing replacement costs and lost time to replace a spent or nonworking rod. 
5 It is worthy to note that at a given ftequency there will be nodes spaced 

periodically across the coater where the sonic rod or bar will have no amplitude. The 
frequency then needs to be varied sUghtly so the nodes can be moved to provide a cleaning 
motion across the entire nozzle. 

A web instruction system may be used to optimize the Sonotrode rods ability to 
10 keep the nozzle clean. Software can be configured to determine the cross machine 
location of a defect. The ftequency of the Sonotrode needs to be controlled so a node is 
not at the location of the defect. Varying the frequency will change the location of the 
nodes across the length of the Sonotrode. The Sonotrode could also be controUed by a 
timer so that at a given interval, set by the opeiator, the nozzle would be cleaned. Other 
15 ways of Sonotrode operation are also possible based on the needs of the operator. It is 
anticipated the continuous operation of the Sonotrode wiU not be necessary. As noted 
earUer, any of the Figures 5, 6, or 7 constructions could include the systems of Figures 1 
and/or 4. As used herein, paper includes Ught weight papers say 20 lbs. basis weight 
through heavy weight papers say 120 lbs. basis weight and board, such as cardboard or 
20 heavier used say for example packaging. Also the term sonic and ultrasonic are 
interchangeable and unless related in a claim to a specific frequency are defined to mean 
a useable vibration. 

It will also be appreciated that although discussion and description herein has been 
made to a particular paper coater apparatus, method, system and computer program 

25 embodiments such discussion and description is made by way by example only. 
Accordingly, it will be understood that the present invention is defined by the appended 
claims is not limited to any of the particular embodiments described above. While 
embodiments of the invention have been described in detail, vaiious modifications 
elements and steps and other embodiments thereof may be devised by one skilled in the 

30 art without departing from the spirit and scope of the invention, as defined in the appraided 
claims. 



